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Detection of von-Willebrand factor (vWF) activity 

The present invention relates to method for detecting von-Willebrand factor (vWF) 
activity comprising assaying a sample In the presence of a soluble form or portion of 
glycoprotein lb(a) (GPIb(a)) and ristocetin, or a functionally equivalent substance. 
Additionally, the Invention relates to the use of the aforementioned soluble fonn or 
portion of glycoprotein lb(a), of ristocetin or a functional equivalent substance, of 
specifically reacting anti-GPlB(a) antibody(ies) and/or of specific binding partners, 
like specifically reacting anti-vWF antlbody(les) for carrying out the method of the 
Invention. Furthermore, the present Invention relates to kits for canying out the 
method of the invention. 

Several documents are cited throughout the text of this specification. Each of the 
documents cited herein (including any manufacturer's specifications, instmctions, 
etc.) are hereby incorporated by reference; however, there is no admission that any 
document cited is indeed prior art of the present invention. 

Von Willebrand factor (vWF) is a large, multimeric glycoprotein that is present in 
plasma, subendothelium and platelet a-granules. vWF has two distinct functions in 
primary hemostasis : it promotes platelet adhesion at sites of vascular Injury and it 
protects coagulation factor VIII (FVIll) from Inactivation by activated protein C (for 
review, see: Sadler, Annu Rev Biochem 1998; 67:395-424). 

Von Wlllebrand's disease (vWD) arises fi-om quantitative and qualitative 
abnomnalities in vWF. It is the most common inherited bleeding disorder with a 
prevalence of 0.1%-1% (Rodeghiero, Blood 1987; 69:454-9). Three major categories 
of vWD are distinguished (Sadler, Thromb Haemost 1994; 71:520-5). Types 1 and 3 
refer to mild and severe quantitative deficiency of vWF respectively, whereas type 2 
refers to qualitative abnormalities. Qualitative type 2 vWD Is further divided into four 
subtypes (A, B, M and N). In type 2A Individuals, there is an absence of high 
molecular weight (HMW) multlmers. Type 2B variants show an increased affinity for 
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glycoprotein (GP) lb on platelets resulting in a loss of HMW multimers in plasma. 
VWD type 2M Includes variants in which platelet adhesion is impaired but the vWF 
multimer distribution is normal. Type 2N variants show a markedly decreased affinity 
for factor VIII (FVIll). As discussed, inter alia, in Veyradier, Int. J. Clin. Lab. Res. 28 
(1998), 201-210, a decreased von Wlllebrand factor ristocetin cofactor activity/von 
Willebrand factor antigen ratio is in favor of the three subtypes (2A, 2M. and 2B) 
defined by an abnormal interaction between von Willebrand factor and platelet 
glycoprotein lb, whereas a decreased factor VII I/von Willebrand factor antigen ratio 
suggests subtype 2N, defined by a defective binding of von Willebrand factor to 
factor VIII. 

In most laboratories, the basic screening tests used in order to evaluate a new 
patient suspected suffering from vWD are: bleeding time (BT), vWF antigen (vWF:Ag) 
level and vWF ristocetin-induced platelet agglutination, termed ristocetin cofactor 
activity (vWFiRiCof). Additional studies such as determination of vWF:RiCoF at 
various ristocetin concentrations, ristocetln-induced platelet agglutination with plasma 
and platelets from the patient, multimer gel analysis and DNA analysis permit further 
categorization of vWD required for direct and appropriate therapy (Ewenstein, Annu 
Rev Med 1997; 48:525-42; Veyradier. loc. cit.). Such assays, however, can be 
perfomned in highly specialized laboratories only. Determination of the vWF collagen 
binding activity (vWFiCBA) was also shown to be a valuable tool in diagnosing vWD 
patients (Brown, Thromb Res 1986; 43:303-11, Favaloro, Blood Coagui Fibrinolysis 
1991;2:285-91). 

Due to the limitations of each assay and due to a wide diversity of intraindividual 
varieties no single test is sufficiently robust to permit detection of all vWD variants. 
Measurement of the vWF:Ag is most frequently performed as an ELISA assay 
(Ingerslev, Scand J Clin Lab Invest 1987; 47:143-9). This assay provides good 
information on the absolute level of vWF present but no infomiation on the quality of 
the vWF can be obtained. As a result vWFiAg assay will help detect all type 3, most 
type 1 and only some type 2 vWD patients, as many type 2 vWD patients will yield 
vWFiAg results that are whithin the normal reference range. 

Two vWF-assays do not detect the concentration of vWF (vWF:Ag) only but rather 
con-elate with its functional properties: the vWFiristocetin cofactor assay and the 
vWF:collagen binding assay. Since qualitative features/functional properties of the 
vWF are measured with these assays the terminology "VWF activity" is used for vWF 
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determined by these procedures. In the following the tenn "vWF activity" is used to 
describe the ristocetin-dependent Interaction between GPlb(a) (or a fragment) 
thereof and vWF. 

Ristocetin is an antibiotic that promotes the interaction between the platelet GP 
lbA//IX complex and vWF (Howard, Thromb Diath Haemorrh 1971; 26:362-9; 
Hoylaerts, Biochem J 1995; 306:453-63). This co-factor-activity of ristocetin is 
observed primarily in the presence of HMW fomis of vWF (Fischer, Thromb Res 
1996; 84:55-66; Federici, Br J Haematol 1989; 73:93-9). The region of GPlb involved 
in this interaction has been identified to the amino terminal 42 kDa globular part of 
GPIba (Vincente, J. Biol Chem 1988, 263:18473-18479). 

The vWF:RiCoF acitivity is determined by using a platelet agglutination procedure 
(Macfarlane, Thromb Diath Haemorrh 1975; 34:306-8). Dilutions of patient platelet- 
poor plasma are mixed with washed para-fomnaldehyde-fixed platelets in the 
presence of a fixed concentration of ristocetin and the ability of the patient plasma to 
induce platelet agglutination is measured. The vWF:RiCof assay permits the 
identification of type 2A and 2B patients as low levels of vWF:RiCof relative to 
vWF:Ag are measured. This assay however has both high inter-assay and high inter- 
laboratory variability due to the complexity of the procedure e.g. the use of donor 
platelets, the different testing steps and the sometimes difficult interpretation of the 
platelet agglutination (Favaloro, Pathology 1997; 29:385-91). It is known that the high 
variability in the vWF:RiCof assay can lead to a misdiagnosis of vWD. Furthermore, 
the high variability of the vWF:RiCof assay may be due to the rather complex system 
used, i.e. the employment of whole platelets. 

The platelet-based vWF-assays are jeopardized by the fact that platelets have more 
than one binding site for vWF (Ruggeri, J. Clin. Invest. 1983; 72: 1-12) which 
comprise, Inter alia, the GPIIb/llla complex (De Marco, J. Clin. Invest. 1986; 77: 
1272-1277). Additionally, vWF is known to bind to other biological (macro) molecules 
like proteins and modified lipids, which comprise not only Factor Vlll and (fibrillar) 
coilagens, but also heparins, glycosaminoglycans and sulfatides (see ,e. g., Mohike, 
J. Lab Clin Med 1997, 130: 253-261). It is further known that binding of vWF to the 
subendothelium induces a confomiational change that allows primary interaction with 
GPlb, the latter generating a signal for platelet activation upon which the vWF binds 
(mediated by the RGD domain to GPIIb/Illa) a complex on said activated platelet . 
Like GPlb, the GPIlb/llla complex is an integral component of the platelet membrane 
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which Is thought to be essential for norma! adhesion and aggregation (see, e. g., 
Berliner, J Biol Chem 1988, 263:7500-7505). As Lechner 
("Blutgerinnungsstorungen", Springer Verlag Berlin-Heldelberg-New York, 1982, p. 
197-200) describes, the preparation of platelets to be used in vWF: RiCoF assays 
leads to an activation of said platelets. Therefore, whole platelets, as commonly used 
in vWF: RiCoF assays, comprise more than one binding molecule for vWF. As 
pointed out herein above, the interaction between vWF and platelets is rather 
complex and depends on at least two different receptors on the platelets as well as 
on the physiological properties of vWF (e. g., HMW multimers). Several attempts 
have been undertaken to further standardize and simplify the vWFiRiCof activity test 
but the difficulties in interpretation of the platelet agglutination assays remains. 
The vWF:CBA assay is a functional assay in which the quality of the protein is 
measured (Brown, Thromb Res 1986; 43:303-11; Favaloro, Blood Coagul 
Fibrinolysis 1991;2:285-91). The vWF:CBA is determined in an ELISA based 
procedure in which primarily HMW multimers are detected (Fischer, Thromb Res 
1996; 84:55-66; Aihara, Thromb Haemost 1988;59:485-90). This test also contributes 
to the diagnosis of type 2A and type 2B patients as these subtypes tend to give very 
low vWF:CBA values due to the absence of HMW vWF forms in the plasma of such 
patients. The vWF:CBA test, however, is not a routine test in vWD diagnosis and is 
measuring a different property of vWF as compared to the vWF:Rlcof test. Another 
disadvantage of the vWF:CBA assay is the high sensitivity to transport influences 
and repeated freezing/thawing cycles (as, inter alia, mentioned in Budde, 
"Hamostaseologie, Molekuiare und zellulare Mechanismen, Pathophysiologie und 
Klinik"; Springer Veriag (1998), 228-237). 

Furthemiore, cun^nt tests for von-Willebrand's disease (vWD) are usually based on 
the above described assays, like bleeding time, vWF antigen and vWF ristocetin 
cofactor activity (employing platelet aggregating activity in the presence of ristocetin). 
Often, platelet-based assays not only show relatively poor sensitivity and 
reproducibility, but require also drawing of fresh blood samples and are time 
consuming (Murdoch, Thromb. Haemost. 78 (1997). 1272-1277). These tests are 
known to be non-accurate, non-repnaducible and often fail to define the disorder (as 
reviewed. Inter alia, in Mohike, J. Lab. Clin. Med. 130 (1997), 252-260). Additionally, 
Favaloro (Am. J. Clin. Pathol. 104 (1995), 264-271) found that clinical use of different 
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assays inconsistently predicted vWD diagnosis. Tlius, the above described assays 
for detecting vWD are suboptimal or are not amenable to the analysis of a large 
number of samples( e. g. DNA-and multimer analysis). 

The technical problem underlying the present invention was to provide improved 
means for a more reproducible and more precise test for von-Willebrand factor with a 
low inter-and intra-assay variability. The solution to said technical problem Is 
achieved by providing the embodiments characterized in the claims. 

Accordingly, the present invention relates to a method for detecting von-Wiliebrand 
factor (vWF) activity comprising assaying a sample in the presence of 

(a) a soluble form or portion of glycoprotein lb(a) (GPIb(a)) and 

(b) ristocetin, or a ftjnctionally equivalent substance. 

in accordance with the present invention, it has been surprisingly found that von- 
Willebrand factor activity can be precisely and reproducibly be assayed in a 
convenient manner by assaying a sample from a patient known or suspected to 
suffer from von-Wlllebrand's disease or by assaying a sample obtained from a 
healthy individual. The assay system of the present invention is less complex than 
the above-referenced vWD/vWF assays and surprisingly still yield clinically relevant 
data which, in some respects, can be used to substitute platelet based vWF:RiCof 
assays. 

As pointed out herein above, the term "vWF activity" as used in accordance with this 
invention describes the ristocetin--dependent Interaction between GPIb (a) (or a 
fragment thereof) and vWF. 

Generally, the invention as outlined above envisages the employment of a soluble 
fomi, portion or fragment of glycoprotein !b(a). The term "soluble form or portion of 
glycoprotein lb(a)" as used herein denotes a molecule, preferably a protein, a peptide 
or a (poly)peptide which is not associated with platelets. Furthemiore, said term 
comprises fragments of said glycoprotein GPIb(a), inter alia, the extra-cellular part of 
said protein. Within the scope of the present invention are furthermore soluble forms, 
portions or fragments of GPIb(a) which may comprise, besides proteinaceous parts, 
specific carbohydrates. Such GPlb (a), portions or fragments thereof may be 
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obtained by biochemical or synthetic methods and/or techniques of recombinant 
molecular biology. Such methods are known to those of ordinary skill in the art (see, 
e.g., Sambrook et al. "Molecular Cloning; A Laboratory Manual", 2"*^ Edition, Cold 
Spring Harbour Laboratory Press, Cold Spring Harbour, NY (1989); Harlow and Lane 
"Antibodies, A Laboratory Manual", CSH Press, Cold Spring Harbor, NY (1988); 
Merrifield, J. Am. Chem. Soc. 85 (1963), 2149-2146; Stewart, "Solid Phase Peptide 
Synthesis", WH Freeman Co, San Francisco (1969); Scopes, "Protein Purification", 
Springer Verlag, New York, Heidelberg, Berlin (1987); Janson, "Protein Purification, 
Principles, High Resolution Methods and Applications", VCH Publishers, New York, 
Weinheim, Cambridge (1989); Wrede, "Concepts in Protein Engineering and Design", 
Walter de Gruyter, Berlin, New York (1994); Wittmann-Liebold, Jungblut "Analysis 
and Characterization of Proteins", 47-107). 

In addition to recombinant or biochemical production, said GPIb(a), portion(s) or 
fragment(s) thereof may be produced by direct peptide synthesis using solid-phase 
techniques (cf Stewart et al. (1969) Solid Phase Peptide Synthesis, WH Freeman Co, 
San Francisco; Merrifield, J. Am. Chem. Soc. 85 (1963), 2149-2154). In vitro protein 
synthesis may be performed using manual techniques or by automation. Automated 
synthesis may be achieved, for example, using Applied Biosystems 431A Peptide 
Synthesizer (Perkin Elmer, Foster City CA) in accordance with the instructions 
provided by the manufacturer. Various portions or fragments of GPIb(a) may be 
chemically synthesized separately and combined using chemical methods to produce 
the full length molecule. 

Within the scope of this invention are therefore all forms of GPIb(a) and/or fragments 
thereof which are not associated with or bound to platelets. Preferably, said soluble 
form, portion or fragment of glycoprotein lb(a) comprises the N-temriinal domain of 
the a chain of human platelet glycoprotein lb, even more preferably, it comprises the 
N-terminal 42 kDa part of GPIb(a) and most preferably It comprises the residues His 
1- Val 289 (see, e.g., Schampp-Vonach, Cytotechnology 17 (1995) 133-141). The 
temi "soluble form or portion of GPIb(a)'' comprises, within the scope of this 
Invention, not only single, individual molecules, but also larger complexes, such as, 
e.g., at least two GPIb(a) molecules which may form a single entity. 
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The term "ristocetin or a functinally equivalent substance" as used in accordance with 
this invention means the glycopeptide antbiotic isolated from Nocardia lurida, which 
mimics the active constituent(s) of the exposed vessel wall and causes the binding of 
human vWF to human platelets and platelet agglutination. Furthermore, the term 
comprises recombinantly or biochemically produced ristocetin or fragments thereof. 
Additionally, the temi "functionally equivalent substances" comprises any substance 
which can replace ristocetin or fragments thereof as a non-physiological inducer of 
binding of vWF to GPIb. (Furlan, 1995, Thromb. Haemost. 54: 463-465). Within the 
scope of the invention is furthermore the use of specific antibodies that enhance the 
efficacy/potency of ristocetin which, in turn, allow the use of lower ristocetin 
concentrations (see e.g. Tornai, J Clin invest 1993; 91:273-282). 

In a more preferred embodiment, the method of the present invention comprises a 
method wherein said detection is carried out by detecting the formation of a complex 
of vWF and GPIb{a) and/or a formed complex of vWF and GPlb(a).The detecion of 
the formation of said complex and/or the detection of the formed complex may be 
carried out by methods known to the person skilled in the art. Examples of such 
detections are described herein below. 

In order to detect said complex or said formation of a complex between GPIb (a) and 
vWF, proteins, like GPIb (a), preferably labelled, as well as different antibodies, like 
anti-GPIb (a), anti-vWF or anti-factor VIII antibodies might be employed. 
Furthermore, it is envisaged that Factor VIII, collagen(s) and/or GPIIb/llla can be 
used to detect said complex or complex fomnation. 

In one embodiment of the present invention said GPIb(a) or the above mentioned 
complex formed by vWF and said soluble form or portion of GPIb(a) is bound to a 
solid support. 

Suitable methods for binding said GPIb(a) or said complex to the solid support 
Include, but are not limited to ionic, hydrophobic, covalent Interactions and the like. 
The solid support can retain one or more additional receptor(s) which has/have the 
ability to attract and immobilize said GPIb(a) molecule(s) or said complex. These 
receptors can comprise a charged surface that is oppositely charged with respect to 
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said GPIb(a) moiecule(s) or said complex or to a charged substance conjugated to 
the capture reagent or the receptor can be any specific binding partner, such as, inter 
alia, an antibody. This means said binding includes chemical, biochemical coupling, 
coating, attachment by von-der-Waals forces etc. The binding of said complex can be 
mediated, inter alia, by anti-GPIba antibodies, by anti-vWF antibodies, by anti-factor 
VIII antibodies as well as by collagen(s), factor Vill and/or GPIIb/llla. 

It is prefen-ed that said GPIb(a) is bound to said solid support by a specifically 
reacting anti-GPIb(a) antibody and/or that said complex is bound to said support by a 
specifically reacting anti-GPIb(a) antibody, by a specifically reacting anti-vWF 
antibody, by a specifically reacting anti-Factor VIM antibody and/or by collagen. 
Specifically, reacting antibodies, for example, against GPIb(a) or fragments thereof 
are known in the art and are described, inter alia, in the appended examples (e.g., 
example 1 ). 

Antibodies specifically reacting with Factor VIII are also known in the art and 
comprise, inter alia, the antibody described In Casonato Am J Clin Path 1998; 109: 
347-352. Useful collagen(s) has/have been described, inter alia, in Bn^wn, Thromb. 
Res. 1986, 43:303-11; Favaloro, Blood Coag. Fibrinol. 1991; 2:285-91 or Thomas, 
Hamostaseologie 1994; 14: 133-9. 

In a further prefen-ed embodiment of the method of the present invention, said 
detection is carried out by a specifically reacting anti-vWF antibody, by a specifically 
reacting anti-Factor VIII antibody, by a specifically reacting anti-GPib(a) antibody, by 
collagen and/or mixture thereof. Polyclonal anti-vWF antibodies are known in the art 
and are. Inter alia, available from Serotec Ltd. (AHP062, MCA127). 

Comprised by the method of the invention are also embodiments wherein the above 
referenced antibody/antibodies is (are) (a) monoclonal antibody/antibodies, (a) 
polyclonal antlbody(ies) or (a) chimeric antibody(ies). Furthennore, said antibody(ies) 
comprise(s) synthetic antibodies, antibody fragments, or a chemically modified 
derivative of any of these. 
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Monoclonal antibodies can be prepared, for example, by the techniques as originally 
described in Kohlerand Milstein, Nature 256 (1975), 495, and Galfre, Meth. Enzymol. 
73 (1981), 3, which comprise the fusion of mouse myeloma ceils to spleen cells 
derived from immunized mammals with modifications developed in the art. 

As mentioned herein above, the antibodies can be monoclonal antibodies, polyclonal 
antibodies or synthetic antibodies as well as fragments of antibodies, such as Fab, 
Fv or scFv fragments etc. Antibodies or fragments thereof can be obtained by using 
methods which are described, e.g., in Harlow and Lane "Antibodies, A Laboratory 
Manual", CSH Press, Cold Spring Harbor, 1988. The production of chimeric 
antibodies is described, for example, in WO89/09622. 

In a further embodiment of the present invention said antibody or said collagen, being 
used in the detection step of the method of the invention. Is (are) detectably labeled. 
Said label may be, inter alia, a tag, a fluorescent marker, an enzyme, a particle or a 
radioactive marker. Such labels are well known to the person skilled in the art and 
comprise, inter alia, horse radish peroxidase, alkaline phosphatase, p-gaiactosidase, 
fluorochromes (like fluorescein, rhodamine, Texas Red, etc.), colloidal metals (like 
gold particles), biotin, digoxygenin and chemi-or bioluminescent compounds. Any 
detection method for detecting GPIb(a) or a fragment thereof, the von-Willebrand 
factor (vWF) activity, the vWF protein(s) or the presence of a formed complex of vWF 
and GPIb(a) or the formation of said complex may be assisted by computer 
technology. Detection methods can therefore be automated by various means, 
including image analysis of flow cytometry. For example, in accordance with the 
present invention, said detection can be carried out by an heterogeneous or by an 
homogeneous assay or by other detection methods known in the art. These assays 
and detections comprise, but are not limited to, Immune assays and immuno 
detections. According to the present invention, said heterogeneous (immuno)assays 
comprise, inter alia, enzyme linked immunoassays (ELISA), radioimmunoassays 
(RIA), immuno radio metric assays (IRMA), fluorescent immunoassays (FIA), 
chemlluminescent immuno assays (CLIA) and/or electro chemilumlnescent Immuno 
assays (ECL). 
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Homogeneous assays comprise assays wherein the binding partners remain in 
solution. These homogeneous assays, thereforie, comprise also agglutination assays 
which measure the formation of a complex, either a complex without the mediation of 
an antibody or antibody fragments (homogeneous assay) or a complex fonnation 
involving, e.g., a bridging- or detection-antibody (homogeneous Immunoassay). An 
example of such a homogeneous assay is the latex enhanced turbimetric (immuno) 
assay. Additionally, vWF/vWF activity can be detected, inter alia, by fluorescence 
resonance energy transfer (FRET), as, e.g., described in Ng, Science 283 (1999), 
2085-2089. Aggregation may be recorded by commercially available devices, such 
as aggregometers. 

In accordance with the present invention it might be envisaged that either the direct 
interaction of the soluble form or portion of glycoprotin [b(a) with vWF can be directly 
measured or that one of the complex partners (or both) are bound to the above 
described solid supports, such as, inter alia, latex beads, and that the 
Interaction/agglutination of said solid support is measured. 

In yet another embodiment the solid support of the method of the present invention 
comprises a plastic, a glass, a silicon, a colloidal metal, a cellulose and/or a 
polymeric support. Said solid support is selected from the group consisting of solid 
organic polymers, cellulose/cellulose-based membranes, colloidal metal particles, 
plastic surfaces, or any combination thereof. 

A number of supports known in the art are suitable for serving the purposes of the 
present invention. Such supports may comprise, inter alia, membranes, plates, 
stripes, wells, microchips or containers. Suitable materials for such supports or 
materials for further coating of said supports include, but are not limited to, glass, 
polystyrene, polyvinyl chloride, polypropylene, polyethylene, polycarbonate, dextran, 
nylon, amyloses, natural and modified celluloses, like nitrocellulose, polyacrylamide, 
agaroses, magnetide and metals. The above mentioned colloidal metal particle may 
be, inter alia, a gold particle, and said above mentioned plastic surface comprises the 
well of a microtiter plate. Additionally, said above mentioned solid organic polymer 
comprises a latex bead. Combinations of several supports, such as, e.g., latex beads 
and colloid metal particles, are also within the scope of the present invention. 
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As pointed out herein above, the method of the present Invention cxjmprises 
furthermore a method wherein said homogeneous assay is an agglutination assay. 

In a more preferred embodiment, the invention relates to a method wherein said 
agglutination assay is based on agglutination of latex beads. Within the scope of the 
present invention are, however, also agglutination assays based on agglutination of 
proteins and/or protein fragments which might be measured, inter alia, 
turbidometrically. In a yet more preferred embodiment said agglutination is measured 
by electric field variation, magnetic field variation, turbidimetric variation or light 
scattering. Such methods are well-known to the skilled artisan. 

Therefore, in the method of the present invention, said detection of complex 
formation between the soluble form or portion of GPib(a) and vWF can be 
established by measuring the distinct chance of physical properties which is caused, 
e.g., by agglutination. Said agglutination can be mediated by direct interaction of the 
two binding partners and/or may be mediated and effected by (cross) linking one of 
the binding partners prior or during said detection to a solid support, such as a bead, 
preferably a latex bead or a colloidal gold particle. 

In a particularly prefen-ed embodiment, the sample to be assayed in the present 
invention is a blood sample. Therefore, said sample is or can be derived from blood, 
semm or plasma, in a preferred embodiment said blood sample is a plasma sample. 
The sample to be analyzed may be treated such as to extract, inter alia, 
proteinaceous components comprising, e.g. proteins, protein fragments or peptides. 
Furthermore said sample may be diluted. 

In a prefen-ed embodiment, said (blood) sample is diluted. Said dilution might be in 
the range of 1:2 to 1:1.000. Preferably, said dilution is in a range of 1:5 to 1:100. 
As, inter alia, illustrated in the appended examples, in yet another embodiment the 
present invention relates to a method for the discrimination between von Wlllebrand 
disease (vWD) type 1 and type 2 comprising the steps of 

(a) detecting vWF activity in a test sample according to the method of the present 
invention; 

(b) detennining the amount of vWF-antigen in said test sample; 
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(c) determining the ratio between vWF activity and vWF-antigen for said test 
sample; and 

(d) comparing the under (c) obtained ratio to the range of ratios established as a 
normal range. 

The term "discrimination" means, within the scope of this invention that patients 
suffering from vWD can be conveniently classified into patients suffering from type 1 
and patients suffering from type 2 vWD employing the method of the present 
invention. Type 1 vWD-patients are characterized by a normal ratio of vWF: RiCof 
(vWF activity) to vWF: Ag (vWF-antigen), whereas in type 2 patients in below the 
reference or normal range ( determined, e. g., with healthy volunteers). A reduction of 
vWF:RiCof activity is, accordingly, typical for type 2 patients. 

The term "normal range" as used in accordance with this invention is known by the 
skilled artisan, like physicians, and comprises the terni "reference range". "Normal or 
reference range" is usually determined by measuring the clinical parameter under 
investigation in a group of subjects considered healthy, but who are otherwise 
statistically not different in relevant demographic data to patients suspected of having 
the disease. The values obtained are evaluated by standard statistical procedures 
and the normal or reference range is then defined, e. g., by covering the range 
between the mean value ± two or three standard deviations. 

Preferably, the tested sample from a vWD patient is a plasma sample. 

In yet another embodiment, the present invention relates to the use of a soluble forni 
or portion of glycoprotein lb(a) {GPIb(a)) for carrying out the method of the present 
invention. 

In addition, the present invention relates to the use of ristocetin or a functional 
equivalent substance for carrying out the method of the present invention. 

In a prefen-ed embodiment, the present invention relates to the use of a specifically 
reacting antl-GPIb(a) antibody and to the use of a specifically reacting anti-vWF 
antibody for carrying out the method of the present invention. 
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Furthermore, the present invention relates to the use of a kit for carrying out the 
method of the present invention, said kit cxDmprising at least one of the following: 

(a) a soluble form or portion of glycoprotein lb(a) (GPIb(a)); 

(b) ristocetin or a functional equivalent substance; 

(c) an antibody as defined herein above; or 

(d) a solid support as defined herein above. 

In a preferred embodiment, the present invention relates to a kit comprising at least 
one of the following: 

(a) a soluble form or portion of glycoprotein ib(a) {GPIb(a)); 

(b) ristocetin or a functional equivalent substance; 

(c) an antibody as defined herein above; or 

(d) a solid support as defined herein above, 

adapted for carrying out the method of the present invention, optionally further 
comprising a standard and/or means for homogeneous or heterogeneous 
(immuno)assays. The kit of the present invention is particularly useful in carrying out 
the method of the invention that has been described in detail herein above. 

The kit of the invention may comprise a carrier means being compartmentalized to 
receive in close confinement one or more container means such as vials, tubes and 
the like, each of the container means comprising one of the separate elements to be 
used in the method of the invention. For example, one of the containers may 
comprise, inter alia, the soluble form or portion of GPlb(a) in lyophilized form or In 
solution. In addition, the carrier me^ins may also contain a plurality of containers each 
of which comprises, inter alia, different, predetermined amounts of vWF or of a vWF 
amount being diagnostic for different types of von-Willebrand disease useful in the 
method of the invention. These latter containers can then be used to prepare a 
standard curve Into which can be interpolated the results obtained from the sample 
containing the unknown amount of vWF and/or unknown type of vWF activity. 

Additionally, the present invention relates to the method, the use or the kit of the 
present invention, wherein said soluble form or portion of glycoprotein lb(a) {GPIb(a)) 
is recombinantly produced. 
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Said recombinantly produced GPIb(a) Is a peptide or a (poly)peptide. The term 
(poly)peptide, as mentioned herein above and in accordance with this invention, may 
comprise naturally occurring peptides or proteins, as well as synthetic or 
recombinantly produced peptides/proteins. The (poly)peptide may encompass amino 
acid chains of any length, wherein the amino acid residues are linked by covalent 
peptide bonds. However, peptidomimetics of such (poly)peptides wherein amino 
acid(s) and/or peptide bond(s) have been replaced by functional analogs are also 
encompassed by the invention. In accordance with this invention, a (poiy)peptide 
may comprise different (poly)peptide species. A (poly)peptide species is defined by 
its chemical composition and modifications of said peptide(s)/polypeptide(s) by, inter 
alia, glycosyiations, acetylations, phosphorylations, lipidations or by amino acid 
exchanges. The term (poly)peptide species is therefore defined as the smallest unit 
of protein classification, defined by its chemical stmcture. 



The figures show: 

.Qg. 1: Ristocetin induced binding of plasma vWF to rGPiba-fragment (His1- 
Val289) 

Binding of plasma vWF (1/32 to 1/512) to captured rGPiba-fragment was 
studied in the presence of 1 mg/ml {■), 760 pg/ml (•), 500 pg/ml (A) and 
250 (jg/ml (V) ristocetin. In the absence of ristocetin, no binding was 
observed (not shown). 

Fig. 2: Ristocetin Induced binding of vWF to rGPiba-fragment in the presence 
' of anti-GPlb-mAbs and anti-vWF-mAbs 

A. rGPiba-fragment was prelncubated for 30 min with serial dilutions of mAb 
6B4 (-) (an anti-GPIb-mAb inhibiting the ristocetin-induced human platelet 
agglutination) and mAb 7D2 (•) (a non-inhibitory anti-GPIb-mAb). Next, a 
constant amount of plasma pool was added (0.032 U/ml, final concentration) 
and the bound vWF was detected with anti-vWF-lg-HRP. 
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B. Constant amounts of plasma pool (0.032 U/ml vWF, final concentration) 
were preincubated for 30 min with nnAb 1C1E7 (12.5 ijg/ml, final 
concentration) (•) before tlie samples were added to the rGPlba fragment. 
The vWF-GPIb binding was studied in the presence of different 
concentrations of ristocetin and was compared to the binding in the absence 
ofmAblC1E7(-). 

C. Plasma pool vWF (0.032 U/ml vWF, final concentration) was preincubated 
for 30 min with serial dilutions of mAb 701 (■) (an anti-(vWF A1 domain)-mAb 
inhibiting the ristocetin-induced human platelet agglutination) and mAb 
82D6A3 (•) (an anti-(vWF A3 domain)-mAb inhibiting the vWF-collagen 
binding). Next, the samples were added to the rGPIba-fragment containing 
wells, and the bound vWF was detected with anti-vWF-lg-HRP. The binding 
curves are representative of 2 experiments. 

Fig. 2D : vWF binding to human type I collagen in the presence of anti-vWF- 
mAbs 

Plasma pool vWF (0.032 U/ml vWF, final concentration) was preincubated for 
30 min with serial dilutions of mAbs 701 (■) and 82D6A3 (•). Next, the 
samples were added to the collagen coated wells, and the bound vWF was 
detected with anti-vWF-lg-HRP. 

Fig. 3: A representative of a binding curve of plasma pool vWF to the rGPlba 
to determine unknown vWF:RICof activities 

Polynomial regression (dashed line) was performed on the binding curve of 
plasma vWF to the rGPIba-fragment in the presence of 760 pg/ml (•) and 
resulted in a correlation of 0.9997. 

^Fig^ vWF:RiCof, vWF:CBA and vWF:Ag of plasma vWF from normal 
individuals (n = 24) 

vWF:RiCof, vWF:CBA and vWF:Ag were determined in ELISA assays (see 
Materials and Methods). Each data represents the mean of 2 measurements. 



Fig. 5: vWF:RiCof, vWF:CBA and vWF:Ag of plasma vWF from vWD patients 



wo 01/02853 



16 



PCT/EPOO/0634S 



Columns represent a range of data (minimum value to maximum value), 
containing the Individual data points (•). Median values are represented by a 
horizontal line. Normal individuals (n = 24), type 1 vWD patients (n =17), type 
2A patients (n = 18) and type 2B patients (n = 4) are represented, for type 3 
(n = 3) and type 2N vWD patients (n = 2), see text. For each patient all three 
activities were measured at least 2 times. 

Fig. 6: Scatter plot analysis of vWFrRiCof determined in the ELISA assay and 
In the agglutination assay (n= 44) 

Values measured In the ELISA test were detennined as described, values of 
the agglutination test were kindly provided by Dr. C. Mazurier and Dr. K. 
Peerlinck. 

The invention is now to be illustrated by reference to the following examples which 
are merely illustrative and are not be construed as being a limitation of the scope of 
the present invention. 

Example 1: Preparation of samples, monoclonal antibodies and preparation 
and purification of a soluble form of glycoprotein lb(a) 

Blood was drawn from 22 healthy volunteers on 3.13% sodium citrate {9:1 vol/vol). 
Platelet-poor plasma was prepared by centrifugation at 2 000 rpm for 10 min. 
Plasma from vWD patients were Sf generous gift from Dr. C, Mazurier (Lille, France) 
and Dr. K. Peerlinck (KU.Leuven, Belgium). 

The plasma pool was composed of the plasma of 25 normal individuals and was 
calibrated against a plasma pool of 50 healthy individuals (gift from Dr. C. Mazurier, 
Lille). 

Frozen plasma was thawn, Incubated for 5 min at 37 "C, fractionated and stored at - 
80 °C. Before use fractions were again Incubated for 5 min at 37 X. Fractions were 
only used twice. 

Monoclonal antibodies have been prepared according to standard protocols. 
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The anti-GPIba monoclonal antibodies (mAb) used in this study were produced and 
characterized employing the following brief protocol. Murine anti-GPib MoAbs were 
prepared according to the methods described by Kdhler and Miistein, loc. cit.. 
BALB/c mice were immunized by injection of purified GPIb. Two days after the last 
immunization, the spleen cells were fused with Sp2/0 mouse myeloma cells and 
cultured in HAT selection medium (GIBCO). Cloning was performed by the limiting 
dilution method using 96-well mictrotitre plates with mouse peritoneal macrophage 
feeder layers. This cloning resulted in a statistical probability of monoclonality greater 
than 99%. Hybridomas producing anti-GPIb antibodies were analyzed in ELISA using 
plates coated with purified GPIb and further screened in an agglutination assay in 96- 
well microplates as previously described (Depraetere, Blood 91 (1998), 3792-3799). 
Ascitic fluid rich in anti-GPIb antibodies was prepared by intraperitoneal injection of 
Pristane-pretreated BALB/c mice with 5x10® hybrid cells. IgG was purified from 
ascitic fluid by chromatography on protein-A-Sepharose CL-4B (Pharmacia). 
Antibody concentration was measured spectrophotometrically, using 1.35 = 1 OD 
unit. The immunoglobulin subtype was determined using an ELISA kit (Sigma). 
F(ab')2 fragments were prepared from 27A10 by pepsin (Sigma) digestion using a 
pepsin/protein ratio 1/50 (wt/wt) and further purified on protein-A-Sepharose CL-4B. 
On SDS-polyacrylamide gel electrophoresis under nonreducing conditions, the 
27A10 F(ab')2 gave a single band with a molecular weight of s 110,000 kD. 
Two well-characterized anti-GPIb MoAbs, AP-1 and 6D1 were kindly provided by 
Drs. T.J. Kunicki (Milwaukee, Wl) and B.S. Coller (SUNY Stony Brook, NY) 
respectively. 

MAbs 12G1 and 6B4 are conformation-dependent antl-GPlba mAbs that inhibit the 
ristocetin-induced human platelet agglutination. mAbs 2D4 and 7D2 are also 
conformation-dependent anti-GPlba mAbs with no functional characteristics. 
MAb 1C1E7 is an anti-vWF-antibody that enhances the ristocetin induced binding of 
vWF to GPIb (Tornai, J Clin Invest 1993; 91:273-82). 

MAb 701 is an anti-(vWF A1 domain)-antibody that inhibits the ristocetin and 
botnDcetin induced platelet (Obert, Blood 1999; 93: 1959-1968), MAb 82D6A3 is an 
antl-(vWF A3 domain)-antibody that inhibits the binding of vWF to collagen type I and 
III (Hoylaerts, Biochem J 1997; 324:185-91). 
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The inhibitory mAb 12G1 was biotinylated using NHS LC Biotin (sulfosuccinimidyi 6- 
(biotinamido)hexanoate) from Pierce (Rockford, IL) according to the manufacturer's 
instructions. 

Culture of CHO cells expressing rGPIba fragment (His1-Val 289) 

The CHO cells expressing the soluble rGPIba fragment (His1-VaI289) were a 
generous gift from Dr. S. Meyer (Basel, Switzerland) (Schumpp-Vonach, 
Cytotechnology 1995; 17:133-41). CHO ceils were cultured in a miniPERM bioreactor 
i,^ with a dialysis membrane of 12.5 kD (Heraeus Instruments GmbH, Hanau, Germany) 
:| (Falkenberg, Immunol Methods 1995; 179:13-29) according to the manufacturer's 
!* instructions. 

'1 Briefly, first cells were cultured in CHO-S-SFMII medium (GIBCO-BRL, Paisley, 
f Scotland) supplemented with 1 % ULTROSER®G, 200Mg/mL streptomycin, 200U/mL 
penicillin (GIBCO-BRL) and 0.3% antlFOAM a (Heraeus Instruments GmbH) in T 
culture flasks (180 mm^). After reaching confluency, the cells were harvested by 
adding 1 mM EDTA. The cells (5 x 10®/ml) were then injected in the production 

''■0 

Q module of the miniPERM bioreactor and were continuously cultured in this system 
over a period of two months. The culture medium in the nutrient module was 
replaced every second day. The medium containing the rGPIba fragment (Hisl- 
Val289) was harvested twice a week, cells were removed by centrifugation and the 
following protease inhibitors were added to the supernatant: 20|jM leupeptin (Sigma, 
St. Louis, USA), 1mM PMSF (Sigma) and ImM A/-ethyimaleimide (ICN, Ohio, USA). 
The supernatant was stored at -SCC prior to purification. 

Purincafion of the rGPIba fragment (His1-Val 289) 

The recombinant protein was purified as described (Schumpp-Vonach, 
Cytotechnology 1995; 17:133-41) with some modifications. For purification, 
immunoaffinity chromatography was used. The anti-GPIb-mAb 12G1 was coupled to 
CNBr-activated Sepharose® 4B (Phannacia Biotech, Uppsala, Sweden) according to 
the manufacturer's instnjctions. Before loading on the column, the pooled 
supernatant harvested from the miniPERM bioreactor was concentrated 5 times 
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using a CH2PR Concentrator S1Y3 (Amicon.USA). The column was washed with 
TBS, 0.3 mM CHAPS (Boehringer IVIannheim) and bound proteins were eluted with 
0.1 M giycine-HCI pH 2.8. The pH of the eluted fractions was neutralized immediately 
by the addition of 1M Tris-HCI pH 9. The fractions containing the rGPlba fragment 
were identified in a sandwich ELISA (cr. infra). Peak fractions were pooled, the 
concentration of the rGPIba fragment (His1-Val289) was determined using the 
Bradford kit (Biorad, Hercules, USA) with bovine serum albumin as a standard and 
the pooled fractions were stored at -80°C until further use. 

Purity of the recombinant fragment in the pooled eluted fraction was evaluated by 
SDS-poiyacryiamide gel electrophoresis. 

Example 2: ELISA-Tests 

Sandwich ELISA 

Microtiter plates (96 well, Greiner, Frickenhausen, Germany) were coated overnight 
at 4°C with 100|jlAweII mAb 2D4 (5 |jg/ml in PBS). Plates were blocked with 3% 
milkpowder (250 |j|/well) for 2 hours at RT, then 50 pi of each fraction from the 
column eluate was added to 50 p! TBS and samples were incubated for 1.5 hours at 
37 °C. The rGPIba fragment (His1-Val289) present, was detected after 1 h incubation 
at 37 °C with biotinylated mAb 12G1 (100 pi/well), followed by a 45 min incubation 
with streptavidin-POD (Boehringer Mannheim) (100 pl/well) (1/10 000 in TBS, 0.1 % 
Tween-20). Visualisation was performed with ortho-phenylenediamine (OPD, Sigma) 
and the colouring reaction was stopped with 4 mol /L H2SO4. The absorbance was 
determined at 490 nm. After each incubation step the plates were washed with TBS, 
0.1% Tween-20, three times after coating and blocking steps and twelve times 
elsewhere. 
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VWF :CBA ASSAY 

Microtiter plates (96 wei!) were coated overnight at 4 °C with human collagen type I 
(25 jjg/ml, 100 pi/well) (Sigma). The human type 1 collagen used, was diaiysed for 48 
h against PBS. Plates were blocked with 3% milkpowder for 2 hours at RT (250 
pl/well). Next, dilution series (1/2 in 0.3 % milkpowder) of plasma pool and test 
samples were added starting from 1/80 to 1/640 (100 pl/well) and samples were 
incubated for 1.5 h at RT. Plasma pool was always added in triplicate and test 
samples in duplicate. Bound vWF was detected with anti-vWF-lg-HRP (1/3 000 in 
0.3% milkpowder) after 1 h incubation at RT. Visualisation was performed as 
described above. After each incubation step the plates were washed with PBS, 
0.002% Tween-80 as described above. 

COMPETITION ELISAS 

Competition between vWF and anti-GPIb-mAbs for binding to the rtBPIba fragment 

The ELISA was performed as described for the vWF :RiCof ELISA except that serial 
dilutions of mAbs 684 and 7D2 (starting from 25 pg/ml, 50 pl/weil) were preincubated 
for 30 min with rGPIba fragment at 37 °C. Than, 50 pi of a constant concentration of 
plasma pool (0.064 U/ml vWF) was added to each well. Samples were incubated for 
1.5 hours at 37 °C before bound vWF was detected after incubation with anti-vWF-lg- 
HRP. 

Competition between vWF and antl-vWF-mAbs for binding to the rGPIba fragment 

The ELISA was performed as described for the vWF :RiCof ELISA except that serial 
dilutions of mAbs 701 and 82D6A3 (starting from 50 pg/ml, 100 pl/well) were 
preincubated for 30 min with 100 pi of a constant concentration of plasma pool (0.064 
U/mi vWF) in a preblocked plate. Hundred pi of these solutions was than added to 
the rGPIba fragment containing wells and samples were incubated for 1 .5 hours at 
37 "C before bound vWF was detected after incubation with anti-vWF-lg-HRP. 
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Competition between vWF and anti-vWF-mAbs for binding to human collagen type I 

The ELISA was performed as described for the vWF :CBA ELISA except that serial 
dilutions of mAbs 82D6A3 and 701 (starting from 0.2 [jg/ml, 100 yl/well) were 
preincubated for 30 min with 100 pi of a constant concentration of plasma pool (100 
ng/ml vWF) in a preblocked plate. Samples were than added to each collagen 
containing well and were incubated for 1.5 hours at 37 "C before bound vWF was 
detected after incubation with anti-vWF-lg-HRP. 

Ristocetin induced binding ofvWF in the presence of1C1E7 

Coating, blocl<ing and incubation with rGPlba fragment was as described for the 
vWF iRiCof ELISA. Then, before the plasma pool (pool of plasmas from normal, 
healthy donors plasmas) was added to each well, mAb 1C1E7 (25 pg/ml, 100 pl/well) 
was preincubated with constant amounts of plasma pool (100 yl/well, 0.064 U/ml 
vWF) for 30 min at RT. The samples were then added to the rGPlba fragment- 
containing wells in the presence of different concentrations of ristocetin (0- 
600 Kig/ml), and were incubated for 1 .5 hours at 37 °C. Bound vWF was detected as 
described before. 

Bound vWF was detected with rabbit anti-human von Willebrand factor antiserum 
labeled with horse radish peroxidase (anti-vWF-lg-HRP, Dako, Glostrup, Denmark) 
(1/3 000 in TBS, 0.1 % Tween-20) after 1 h incubation at RT. Visualisation was 
performed with OPD and the colouring reaction was stopped with 4 mol /L H2SO4. 
The absorbance was determined at 490 nm. After each incubation step the plates 
were washed with TBS, 0.1% Tween-20, three times after coating and blocking steps 
and twelve times elsewhere. 

\AA/F:AG ASSAY 

Microtlter plates (96 well) were coated overnight at 4''C with 125pl/we!l of a polyclonal 
anti-vWF-lg-solution (Dako) (1/1 000 in 50 mM carbonate buffer pH 9.6). The plates 
were blocked for 2 h at (RT) with 250 pi/well of a 3 % milkpowder solution. Then, as a 
standard, a plasma pool (in triplicate) was applied to the wells at 1/40 to 1/2560 
dilutions (samples were diluted in 0.3 % milkpowder). The test (patient) samples 
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were applied in duplicate in the same dilutions. All samples were incubated for 2 h at 
37''C. Bound vWF was detected witii anti-vWF-lg-HRP (1/3 000 in 0.3% milkpowder) 
after 1 h incubation at RT. Visualisation was performed as described above. After 
each incubation step the plates were washed with TBS, 0.1% Tween-20 as described 
above. 

VWF iRiCof-EUSA 

Microtiter plates (96 well) were coated overnight at 4°C with lOOpi/well mAb 2D4 
(5 pg/mi in PBS). Plates were blocl^ed with 3 % milkpowder (250 pi/well) for 2 hours 
at RT followed by a 2 hour incubation at 37 °0 with a solution containing 2.5 pg/ml 
rGPIba fragment (Hls1-Vai289) (in TBS, 0.1 % Tween-20, 100 pl/well). Binding of 
vWF to the rGPIba fragment (His1-Val289) was performed in the presence of 
ristocetin (Ristocetin A SO4, ahp, New York) for 1 .5 h at 37 "C. Therefore, plasma 
pool (healthy donors) and test samples (patient samples) were diluted 1/32 to 1/512 
and 1/32 to 1/256 respectively in TBS, 0.1% Tween-20 containing 760 pg/ml 
ristocetin and 100 pi of each dilution was added to the rGplba coated weiis. Plasma 
pool was always added in triplicate and test samples in duplicate. 
Bound vWF was detected with rabbit anti-human von Willebrand factor antiserum 
labeled with horse radish peroxidase (anti-vWF-lg-HRP, Dako, Glostrup, Denmark) 
(1/3 000 in TBS, 0.1 % Tween-20) after 1 h incubation at RT. Visualisation was 
performed with OPD and the colouring reaction was stopped with 4 mol /L H2SO4. 
The absorbance was determined at 490 nm. After each incubation step the plates 
were washed with TBS, 0.1% Tween-20, three times after coating and blocking steps 
and twelve times elsewhere. 

Example 3 : Ristocetin induced binding of plasma vWF to ttie rGPIba fragment 
(His1'Val289) 

The binding of plasma vWF to the captured rGPIba fragment (His1-Val289) in the 
presence of varying concentrations of ristocetin was tested in an ELISA setup as 
described hereinabove. The binding curves were always studied starting from a 1/32 
dilution of plasma as in more concentrated plasma less binding was observed 
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probably due to non specific interference of ristocetin with the plasma proteins 
present. A good binding of vWF to rGPIba fragment (His1-Val289) was observed in 
the presence of 760 pg/ml ristocetin (Fig 1). 

The specificity of the binding of vWF to rGPIba fragment in the presence of ristocetin 
was assessed by studying this binding in the presence of anti-GPIb-mAbs 6B4 and 
7D2 and in the presence of anti-vWF-mAbs 1C1E7, 701 and 82D6A3. Preincubation 
of rGPIba fragment with mAbs 6B4 and 7D2 revealed 100 percent inhibition in the 
presence of mAb 6B4 (an anti-GPIba-mAb that inhibits ristocetin induced platelet 
agglutination, N.C., submitted) while the non-inhibiting anti-GPIba-mAb 7D2 had no 
effect (Fig. 2A). Preincubation of vWF with mAb 1C1E7 (an anti-vWF-mAb that 
enhances the ristocetin induced binding of vWF to GPIb, (17) showed an increase in 
vWF binding to the rGPIbD fragment in the presence of even low concentrations of 
ristocetin (Fig. 2B). Preincubation of vWF with mAbs 701 and 82D6A3 showed a 100 
percent inhibition in vWF binding to rGPIba fragment in the presence of the anti- 
(vWF A1 domain) mAb 701 (which inhibits the ristocetin induced platelet 
agglutination, Girma, JP, personal communication) while the anti-(vWF A3 domain) 
mAb 82D6A3 (18) had no effect (Fig.2C). Preincubation of mAb 82D6A3 with vWF 
however, resulted in 100 percent inhibition of the binding of vWF to collagen (Fig. 2D) 
while the anti-(vWF A1 domain) mAb 701 had no effect in collagen binding (Fig. 2D) 
as expected. 

These data show that the ristocetin induced binding of vWF to GPlb, which is 
routinely tested in a platelet agglutination assay, can be reproducibly studied in an 
ELISA setup and that this test can be used to diagnose patients with vWD. It was 
demonstrated that vWF in plasma binds to a captured rGPIba-fragment in the 
presence of ristocetin (Fig. 1). This binding was furthermore specific since (i) the 
vWF-GPIb interaction could be inhibited by mAb 684, that inhibits the ristocetin- 
Induced platelet agglutination and (ii) since mAb 1C1E7, an anti-vWF-antibody that 
enhances the ristocetin induced binding of vWF to GPIb (Tomai, J Clin Invest 
1993;91:273-82) could also significantly Increase this ristocetin induced binding 
(Fig-2). 
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Inhibition of ristocetin-induced binding of vWF to purified GPlb by MoAbs measured 
in an ELlSA-setup 

This assay was perforrned as previously described (Harsfali, Blood 1995; 85:705-11). 
Briefly, purified GPlb was coated onto wells of microtitre plates at 5 Mg/mL, after 
blocking of non-adsorbed sites with BSA (10 mg/mL), the wells were preincubated 
with anti-GPIb MoAbs during 30 minutes at 22°C. Then vWF (10 \AQ/mL) and 
ristocetin (various concentrations) were added to the plate. The GPIb-associated 
vWF was revealed by a HRP-conjugated polyclonal anti-vWF antibody (Dako, 
Glostrup, Denmark) and ortho-phenyienediamine (OPD, Sigma). The reaction was 
stopped with 4mol/L H2SO4 and absorbance determined at 492nm. Non-specific vWF 
binding was measured by repeating the sanne ELISA on a non-coated microtitre 
plate. 

Infiibition of ristocetin or botrocetin-induced binding of ^^^l-vWF to waslied fixed 
platelets by MoAbs 

Binding of ""^^l-vVVF to washed fixed platelets was studied essentially as previously 
described (Sakariassen, J. Lab. Clin. Med. 102 (1983), 522). A final concentration of 
10^ piatelets/mL were premixed for 30 minutes with 10 }jg/mL of the various anti- 
GPlb MoAbs, After adding ^^^l-vWF (0.5 |jg/mL) binding was induced by the addition 
of ristocetin (various concentrations) or botrocetin (0.1 pg/mL, f.c). Following 45 
minutes of incubation, duplicate aliquots of the mixture were layered onto 20% 
sucrose cushions. The bound and free ""^^l-vVVF was separated by centrifugation and 
counted. The percentage of total bound radioactivity was calculated as 
bound/(free+bound) radioactivity *100. Results are illustrated in the following table: 
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MoAb 


Subtype 


Ristocetin (1.2mg/mL) 
induced human 
platelet aggregation 


Botrocetin {0.5 
Mg/mL) induced 
human platelet 
aggregation 


Shear-induced 
human platelet 
adhesion to collagen 
type I (shear rate 
2600/s) in 
Sakariassen type 
flow chamber Data 
given is % surface 
coverage in 
comparison to 
control (= platelet 
adhesion in the 
absence of Ab is 
thus set as 100%) 


2D4 


tgG1 


No inhibition 


No inhibition 


ND 


6B4 


lgG1 


1 |jg/mL Ab results in 
full inhibition 


1 mg/mL Ab results 
in full inhibition 


Tests done with 5 
Mg/mL Ab: 4.2% ± 
1.4 (SEM) 



ND non determined 

SEM standard error of mean with n=3 



Recently another ELISA assay was developed as an alternative for the vWF iRiCof 
agglutination assay (Murdock, Thromb Haemost 1997;78:1272-7). In this test, a mAb 
that recognises an epitope on vWF-AI domain important in its Interaction with GPIb, 
was used. This assay however has been shown to give widely differing results from 
the vWF:RiCof assay in an UK NEQAS Survey (Preston, Thramb Haemost 
1998;80:863) and in testing normal vWF (Fischer, Thromb Res 1998; 91:39-43) and 
its usefullness still has to be proven. 

Some laboratories are using the collagen binding assay in vWD diagnosis. Although 
it is not a routine test, it has already been proven to be usefull in determining the 
vWF activities in many studies. It has been proposed by some authors to replace the 
vWF:RiCof measurements (Brown, Thromb Res 1986; 43:303-11, Favaloro, 
Pathology 1993; 25:152-8), but it has to be noticed that both tests are based on 
different binding characteristics of vWF. VWF binds to collagen mainly through its A3 
domain (Lankhof, Thromb Haemost 1996;75:950-8) whereas vWF binding to GPIb 
occurs through the A1 domain (Sixma, Eur J Biochem 1991;196:369-75). This is 
shown in Fig. 2C and D where the anti-(A1 vWF domain) mAb 701 inhibits the 
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ristocetin induced binding of vWF to rGPIba fragment, whereas the the anti-(A3 vWF 
donfialn) mAb 82D6A3 has no effect. The latter mAb however inhibits the binding of 
vWF to collagen in contrast to 701 . 

Example 4: The use of the vWF:RiCof-ELfSA as a reliable test to determine 
unknown vWF:RiCof activities 

The vWF:RICof activity of a dilution serie of plasma pool (1/32 to 1/512) was 
measured in the ELISA setup. Plotting the OD (490 nm) versus the vWF:RiCof 
activity resulted in a binding curve of plasma vWF to rGPIba which could best be 
fitted by the use of polynomial regression (y = Ao+ Aix + A2X^ , Fig. 3). The 
vWF:RiCof activity in test samples can then be calculated as follows : 

X = (-Ai + ((Aif - 4A2(Ao-y)y'')/2A2 

with X = unknown vWF:RiCof activity (U/ml) 
y = measured OD (490 nm) 

Ao, Ai, A2, constants in equation y = Ao+ Aix + A2X^ 

The repeatability of this test was determined by assaying 5 dilutions of plasma pool 
(1/32, 1/64, 1/128, 1/256, 1/512) on six replicates in one run. The coefficient of 
variation (CV) was always less than 13 % (4 %, 8 %, 10 %, 12 %, 11 % respectively). 
The reproducibility was determined by testing the same control samples on six 
replicates over 3 days and this by two technicians. The maximum CV observed for 
each data point was 13 %, 9 %, 13-%, 9 % and 10 % respectively. 
Polynomial regression line calculation showed an intra-assay correlation of 0.9984 ± 
0.0018 and an inter-assay correlation of 0.9978 ± 0.00189. 

To determine the detection limit and quantification limit of the vWF :RiCof-ELISA, six 
replicates of nine dilutions (1/32 to 1/8 192) of plasma pool were tested in three 
assays. The detection limit (DL) in the vWF :RiCof-ELISA (defined as 3SD above the 
mean of zero standard) was 0.0005 U/ml (1/2 048 plasma dilution). The quantification 
limit (QL), i.e. the minimum concentration that can be measured from assay to assay 
with CV < 20 % was 0.0005 U/ml (1/2 048 plasma dilution). 
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Example 5: VWF :RiCof in plasma from normal individuals compared to 
vWF :CBA and vWF :Ag 

The vWF :RiCof activity was determined in the plasma from apparently normal adult 
volunteers (n = 24) using the ELISA based system. The vWF :RiCof activity in the 
plasma of all these normal individuals ranged from 0,46 U/ml to 1,6 U/ml {median 
0,75 U/ml) (Fig. 4). Detemnination of vWF :CBA and vWF :Ag in these plasmas 
revealed activities that correlated well with the vWF :RiCof activity (Fig. 4). Plotting 
vWF :RiCof versus vWF :Ag revealed a con-elation of 0.82, vWF :RiCof versus 
vWF :CBA led to a correlation of 0.80, as expected for normal individuals. 

Example 6: Measurement of vWF activities in plasmas of vWD patients 

Plasma samples of 45 vWD patients of known subtype were analysed for vWF :RiCof 
with the ELISA based assay (Fig. 5). For type 1 vWD patients (n = 17), the values 
ranged from 0.005 U/ml to 0.559 U/ml (median, 0.28 U/ml). In the plasma of the type 
2A (n = 18) and the 4 type 2B vWD patients examined, vWF :RiCof values of 
0.005 U/ml to 0.38 U/ml (median 0.055 U/ml) were measured and of 0.005 U/ml to 
0.34 U/ml (median 0.094 U/ml) respectively. The vWF :RICof activities in the plasmas 
of the 3 type 3 vWD patients available were below 0.0005 U/ml (QL in the ELISA 
assay). The vWF in plasma of 2 type 2N patients had normal vWF:RiCof activiies 
(0.87 U/ml and 0.62 U/ml). The vWF :RiCof activity determined in the ELISA test was 
compared to the vWF :RiCof activity determined in the agglutination test. The latter 
data were kindly provided by Dr. C. Mazurier and Dr. K. Peerlinck. A correlation of 
0.828 was obtained (Fig. 6). 

In type1 patients, the vWF :RiCof, vWF :CBA (median, 0,34 U/ml) and vWF :Ag 
(median, 0.34) activities are proportional, as there is no functional defect in vWF 
(Fig. 5). This resulted in vWF :Ag/vWF :RiCof and vWF :Ag/vWF :CBA ratios around 
one (median : 1,23 U/ml and 0,964 U/ml respectively). In type 2A and 2B patients, 
the functional defect was clear as vWF :RiCof and vWF :CBA (median 0.146 U/ml 
and 0.31 U/ml respectively) were low. vWF :Ag was low or normal (median : 
0.16 U/ml and 0,31 U/ml respectively) in these patients (Fig. 5). In the type 3 patients 
there was a clear quantitative defect as almost no vWF:Ag activity was measured. 
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The 2 type 2N patients showed normal vWF:Ag and vWFrCBA activities in 
accordance with the vWF:RiCof activity. 

It was shown that this vWF :RiCof-ELISA can be used to discriminate (i) between 
normal individuals and vWD patients and (ii) between type 2A and type 2B patients, 
(i) The vWF :RiCof activity of plasma vWF of ail normal individuals was > 50 % 
(except for one patient). These results corresponded with the vWF :CBA and the 
vWF :Ag values, resulting in vWF :Ag/vWF :RiCof and vWF :Ag/vWF :CBA ratios 
around one (median : 1.23 U/ml and 0.96 U/ml respectively) . On the other hand, the 
type 1 vWD patients had vWF :RiCof < 50 % (except for one patient) and had 
comparable vWF :CBA and vWF :Ag activities since this indeed is a quantitative and 
not a qualitative disorder (Fig. 5). The type 2A and 2B patients had low vWF :RiCof 
compared to low or normal vWF :Ag. In the 3 available type 3 patients no detectable 
vWF :RiCof, vWF :CBA or vWF rAg activities were observed. The 2 type 2N patients 
had no abnormalities in any of the vWF activities measured. In conclusion, 
vWF :RiCof values determined in the ELISA setup correlated well with the values 
obtained from platelet agglutination studies (see Fig. 6). 



